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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The magneto-resistive effect mold head characterized by consisting of an oxide of the 
alloy with which the above-mentioned insulating layer consists of an oxide of one element chosen 
from the group of Ti, Zr, Hf, V, Nb, and Ta, or two or more elements in the magneto-resistive effect 
mold head using the multilayers currently formed in order of the 1st magnetic layer, an insulating 
layer, and the 2nd magnetic layer. 

[Claim 2] The magneto-resistive effect mold head characterized by the antiferromagnetism layer 
being in contact with said the 1st magnetic layer or 2nd magnetic layer in a magneto-resistive effect 
mold head according to claim 1 . 

[Claim 3] The magnetic head characterized by combining a magneto-resistive effect mold head and 
the induction type magnetic head according to claim 1 or 2. 

[Claim 4] The magnetic recorder and reproducing device characterized by having the magnetic head 
according to claim 1, 2, or 3. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the magnetic head for playback which has high 
sensibility, and the magnetic recorder and reproducing device using the magnetic head. 
[0002] 

[Description of the Prior Art] In connection with the densification of magnetic recording, the 
application to Physics Letters by Julliere, 54A volume (1975), No. 3, and the magneto-resistive 
effect mold head of the multilayers which show the magnetic tunneling phenomenon of a publication 
to "Tunneling between Ferromagnetic Films" carried on 225 pages is being considered as the 
magnetic head for playback of a magnetic recorder and reproducing device. This magnetic magneto- 
resistive effect mold head is equipped with the magneto-resistive effect component which has the 
structure which sandwiched the insulating layer by the two-layer magnetic layer, and detects record 
magnetization using the probability for an electron to carry out tunneling of the insulating layer 
being higher than the time of directions when the sense of magnetization of two magnetic layers of a 
magneto-resistive effect component is parallel being anti-parallel. Only magnetization of one 
magnetic layer is reversed in an operation of the leakage field from record magnetization by 
considering as the structure where the antiferromagnetism layer was contacted to magnetic layer of 
one of the two, and, it is [ the sense of magnetization of two magnetic layers becomes parallel, or ] 
made to become anti-parallel, and record magnetization is detected by detecting the magnitude of the 
tunnel current which flows an insulating layer. [ changing the magnitude of coercive force by the 
two-layer magnetic layer ] 

[0003] In the multilayers which show such a magnetic tunneling phenomenon, it is most important to 
form the insulating layer which has the flat outstanding property. Journal of Applied Physics 
according to Tezuka and others as an approach of forming the comparatively excellent insulating 
layer, 79 volumes (1996), It was carried on No. 8 and 6262 pages. Like a publication to "Magnetic 
Tunneling effect in Fe/aluminum203 / nickel 1-XFeX Junctions" The approach of carrying out 
natural oxidation of the aluminum, Or 1997 by Moodera and others Digests of INTERMAG It was 
carried by '97 and FA-04. "Large Magnetoresistancein Tunnel Junctions-Potential for MRAM and 
Read Head" aluminum is exposed to the oxygen plasma like a publication. There is the approach of 
oxidizing. 
[0004] 

[Problem(s) to be Solved by the Invention] It is necessary to form aluminum layer on a magnetic 
layer by the approach of oxidizing aluminum as mentioned above and forming an insulating layer. 
However, since the melting point of aluminum is low, even if it uses the sputtering method, it is 
difficult [ it ] to form aluminum layer with uniform thickness. Therefore, the insulating layer 
thickness which oxidized the above-mentioned aluminum layer also serves as an ununiformity. The 
problem of reducing the magnetic-reluctance rate of change of multilayers has the heterogeneity of 
insulating thickness. 

[0005] This invention was made in view of such a trouble in the application to the magneto-resistive 
effect mold head of the multilayers which show a magnetic tunneling phenomenon, and aims at 
adding amelioration to an insulating layer and offering a high sensitivity magneto-resistive effect 
mold head. 
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[0006] 

[Means for Solving the Problem] this invention person etc. came to complete a header and this 
invention for the ability of the uniform insulating layer of thickness to be obtained by being easy to 
oxidize and using the oxide of the comparatively high metal of the melting point as an insulating 
layer, as a result of repeating research wholeheartedly about the multilayers which show a magnetic 
tunneling phenomenon. 

[0007] That is, it is characterized by consisting of an oxide of the alloy with which this invention 
consists of an oxide of one element chosen from the group of Ti, Zr, Hf, V, Nb, and Ta whose 
above-mentioned insulating layers are IVa of the periodic table, and Va group element, or two or 
more elements in the magneto-resistive effect mold head using the multilayers currently formed in 
order of the 1st magnetic layer, an insulating layer, and the 2nd magnetic layer. The combination of 
the element of arbitration, such as Hf-Zr and Nb-Ti, can be used for an alloy. 
[0008] Ti, Zr, Hf, V, Nb, and Ta are metals which are easy to oxidize. Moreover, since the melting 
point is also comparatively high, the metal layer which has uniform thickness can be formed. For this 
reason, uniform thickness and the tunnel barrier can obtain the insulating layer which has the highly 
excellent insulation. Also among Ti, Zr, Hf, V, Nb, and Ta, since an atom is large and it is hard to 
produce diffusion with a magnetic layer, Zr, Nb, Hf, and Ta are desirable. Moreover, since a metal 
layer tends to become amorphous, Ti, Zr, and Hf are advantageous to formation of a flat insulating 
layer. Furthermore, since it is easy to carry out natural oxidation of Zr and the Hf, they can be 
oxidized for a short time, and its oxide is stable, and since a tunnel barrier is hard to be destroyed, 
they are the most desirable. However, Hf of a fault is expensive. 

[0009] It is good also as structure to which the antiferromagnetism layer touched the 1st magnetic 
layer or 2nd magnetic layer. Moreover, you may make it reversed [ only magnetization of one 
magnetic layer ] in an operation of the leakage field from record magnetization by changing the 
coercive force of the 1st magnetic layer and the 2nd magnetic layer. This magneto-resistive effect 
mold head is combinable with the induction type magnetic head. According to this invention, since 
insulating layer thickness can be made uniform, the playback output of a magneto-resistive effect 
mold head is high, and the effective magnetic head as the magnetic head for playback of a super-high 
density magnetic recording medium can be obtained. 
[0010] 

[Embodiment of the Invention] Hereafter, the gestalt of operation of this invention is explained with 
reference to a drawing. 

[Gestalt 1 of operation] drawing 1 is the cross section of an example of the magneto-resistive effect 
component of this invention which used multilayers. In this drawing, Au with a thickness of lOnm 
was used for Si (100) single crystal and the lower electrode 12 at the substrate 1 1 . The ion beam 
sputtering method was used for formation of Au layer. The acceleration voltage of the ion gun for 
vacuum evaporationo is [ Ar pressure under 40mA and vacuum evaporationo of 300V and the ion 
current ] 0.02Pa. On the lower electrode 12, the insulator 13 which the hole of a 
200micrometerx200micrometer square opened was formed with sputtering and lithography. The 
ingredient of an insulator 13 is Si02. 

[001 1] Furthermore, the magnetic layer 14 which consists of a Co layer with a thickness of 5nm was 
formed. The coercive force of a magnetic layer 14 is 800 A/m. After creating six kinds of samples 
which formed the metal layer with a thickness of 2.0nm it is thin from Ti, Zr, Hf, V, Nb, and Ta on 
the magnetic layer 14, respectively, the sample was once paid into atmospheric air. By exposing a 
sample to atmospheric air for 24 hours, the oxide of the above-mentioned metal was formed and it 
considered as the insulating layer 15. The nickel-20at%Fe alloy layer with a thickness of 5nm was 
used for the magnetic layer 16. The coercive force of a magnetic layer 16 is 80 A/m, and anisotropy 
fields are 400 A/m. 

[0012] Moreover, the multilayers using the insulating layer 15 which oxidized by exposing 
aluminum with a thickness of 2.0nm into atmospheric air similarly as an example of a comparison 
were also formed. These each class was also formed with the ion beam sputtering system. Sputtering 
conditions are the same as that of the time of lower electrode formation. Like drawing 1 , multilayers 
14, 15, and 16 are formed also on an insulator 13. However, since these parts are not in contact with 
the lower electrode 12, they do not function as magneto-resistive effect film. What it functions on as 
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magneto-resistive effect film is only a part which touches the lower electrode 12. Moreover, as 
shown in drawing 1 , the up electrode 17 which consists of Au with a thickness of 20nm was formed 
on multilayers. 

[0013] The magnetic-reluctance rate of change of the multilayers formed in Table 1 is shown. To 
multilayers, magnetic-reluctance rate of change carried out both-way impression, and measured the 
field between -80 kA/m and +80 kA/m. In these multilayers, since the coercive force of the two-layer 
magnetic layers 14 and 16 differs, the include angle which the sense of magnetization makes changes 
between parallel and anti-parallel. Therefore, the tunnel probability of the electron which carries out 
tunneling of the insulating layer 15 changes, and a magneto-resistive effect arises. In addition, the 
magnetic-reluctance rate of change shown in Table 1 is the value of the average which measured ten 
samples. 



[0014] 
Table 1] 






Al 


5.2% 


Ti 


17.2% 


Zr 


19.3% 


Hf 


16.8% 


V 


15.7% 


Nb 


17.3% 


Ta 


18.2% 



As shown in Table 1 , the magnetic-reluctance rate of change of the multilayers of the example of a 
comparison using the insulating layer which oxidized aluminum is comparatively low. This is for the 
surface smoothness of formed aluminum layer to be bad, for a thin part and a thick part to exist, and 
for the short circuit of the magnetic layer 14 by the pinhole and a magnetic layer 16 to arise. On the 
other hand, when oxidizing Ti, Zr, Hf, V, Nb, and Ta layer, magnetic-reluctance rate of change is 
high. Since the insulating layer of thickness uniform since the surface smoothness of these layers is 
good was formed, this is considered. 

[Gestalt 2 of operation] drawing 2 is the cross section of other examples of the magneto-resistive 
effect component of this invention which used multilayers. In this drawing, Au with a thickness of 
lOnm was used for Si (100) single crystal and the lower electrode 22 at the substrate 21. The ion 
beam sputtering method was used for formation of Au layer. Formation conditions are the same as 
the gestalt 1 of operation. On the lower electrode 22, the insulator 23 which the hole of a 
200micrometerx200micrometer square opened was formed with sputtering and lithography. The 
ingredient of an insulator 23 is Si02. 

[0015] Furthermore, the magnetic layer 24 which consists of nickel-20at%Fe with a thickness of 
5nm was formed. After creating six kinds of samples which formed the metal layer with a thickness 
of 2.0nm it is thin from Ti, Zr, Hf, V, Nb, and Ta on the magnetic layer 24, respectively, the sample 
was once paid into atmospheric air. By exposing a sample to atmospheric air for 24 hours, the oxide 
of the above-mentioned metal was formed and it considered as the insulating layer 25. The Mn- 
22at%Ir alloy with a thickness of lOnm was used for the antiferromagnetism layer 27 which touches 
a magnetic layer 26 at a magnetic layer 26 using a nickel-20at%Fe alloy with a thickness of 5nm. 
[0016] Moreover, the multilayers using the insulating layer 25 which oxidized also formed 
aluminum with a thickness of 2.0nm as an example of a comparison. These each class was also 
formed with the ion beam sputtering system. Sputtering conditions are the same as that of the time of 
lower electrode formation. Like drawing 2 , multilayers 24-27 are formed also on an insulator 23. 
However, since these parts are not in contact with the lower electrode 22, they do not function as 
magneto-resistive effect film. What it functions on as magneto-resistive effect film is only a part 
which touches the lower electrode 22. Moreover, as shown in drawing 2 , the up electrode 28 which 
consists of Au with a thickness of 20nm was formed on multilayers. 

[0017] The magnetic-reluctance rate of change of the multilayers formed in Table 2 is shown. To 
multilayers, magnetic-reluctance rate of change carried out both-way impression, and measured the 
field of -40 kA/m to +40 kA/m. In these multilayers, since the magnetic layer 26 is in contact with 
the antiferromagnetism layer 27, only the direction of magnetization of a magnetic layer 24 changes, 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 



3/21/2006 



JP,'ll-175921,A [DETAILED DESCRIPTION] 



Page 4 of 5 



and the two-layer magnetic layer 24 and the include angle which magnetization of 26 makes change 
between parallel and anti-parallel. Therefore, the tunnel probability of the electron which carries out 
tunneling of the insulating layer 25 changes, and a magneto-resistive effect arises. In addition, the 
magnetic-reluctance rate of change shown in Table 2 is the value of the average which measured ten 
samples. 



[0018] 
[Table 2] 






Al 


4.6% 


Ti 


16.2% 


Zr 


18.5% 


! Hf 


15.3% 


V 


15.0% 


1 Nb 


16.0% 


Ta 


17.2% 



As shown in Table 2, the magnetic-reluctance rate of change of the multilayers of the example of a 
comparison using the insulating layer which oxidized aluminum is comparatively low. This is for the 
surface smoothness of formed aluminum layer to be bad, for a thin part and a thick part to exist, and 
for the short circuit of the magnetic layer 24 by the pinhole and a magnetic layer 26 to arise. On the 
other hand, when oxidizing Ti, Zr, Hf, V, Nb, and Ta layer, magnetic-reluctance rate of change is 
high. Since the insulating layer of thickness uniform since the surface smoothness of these layers is 
good was formed, this is considered. The magnetic head was produced using the magneto-resistive 
effect component of the mold stated with the gestalt 2 of the [gestalt 3 of operation] operation. In this 
case, the hole of an insulator is a 5micrometerx5micrometer square. The structure of the magnetic 
head is shown below. Drawing 3 is the perspective view which cut a part of record playback 
discrete-type head by the gestalt of this operation. The part whose magneto-resistive effect 
component 31 was pinched in the shielding layers 32 and 33 works as the reproducing head, and the 
parts of the lower magnetic pole 35 which sandwiches a coil 34, and the up magnetic pole 36 work 
as a recording head. 

[0019] Below, the production approach of this head is shown. The sintered compact which uses 
aluminum 203 and TiC as a principal component was used as the substrate 37 for sliders. The 
nickel-Fe alloy formed by the sputtering method was used for the shielding layer and the record 
magnetic pole. It was made for the thickness of each magnetic film to be the following. The up-and- 
down shielding layers 32 and 33 used aluminum 203 which formed 1.0 micrometers, the lower 
magnetic pole 35, and the up magnetic pole 36 by sputtering as gap material between 3.0 
micrometers and each class. The thickness of a gap layer could be 0.4 micrometers between 0.2 
micrometers and a record magnetic pole between the shielding layer and the magneto-resistive effect 
component. Furthermore, spacing of the reproducing head and a recording head was set to about 4 
micrometers, and also formed this gap with aluminum 203. Cu of 3 micrometers of thickness was 
used for the coil 34. 

[0020] The magnetic disk drive was produced using the above-mentioned magnetic head. Drawing 4 
shows the structure of a magnetic disk drive, drawing 4 (a) is a top view and drawing 4 (b) is the AA 
sectional view. The ingredient which consists of a Co-nickel-Pt-Ta system alloy of residual magnetic 
flux density 0.75T was used for the magnetic-recording medium 41 which rotates by the magnetic- 
recording medium mechanical component 42. The width of recording track of the magnetic head 43 
held by the magnetic-head mechanical component 44 was set to 5 micrometers. 
[0021] Although a playback output is higher than the conventional magneto-resistive effect 
component, the noise of the magneto-resistive effect component for playback used for the magnetic 
head of the gestalt of this operation is also large. For this reason, when the signal beyond a certain 
decided value was detected by the record regenerative-signal processor, we decided that that signal is 
recorded on a magnetic-recording medium. A tunneling mold magneto-resistive effect component 
has high magnetic-reluctance rate of change, and it is effective as the magnetic head for playback for 
super-high density magnetic recording media. The problem of things that a noise is large was 
avoidable by the above-mentioned approach. 
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[0022] According to this invention, compared with the case where the oxide film of aluminum is 
used as an insulator layer, a playback output becomes about 3 times, and the magnetic head which 
can respond to high recording density-ization, and the super-high density magnetic recording 
medium incorporating the magnetic head can be obtained. 
[0023] 

[Effect of the Invention] As mentioned above, in the magneto-resistive effect mold head using the 
multilayers currently formed in order of the magnetic layer, the insulating layer, and the magnetic 
layer, by using the above-mentioned insulating layer as the oxide of Ti, Zr, Hf, V, Nb, and Ta, 
insulating layer thickness becomes homogeneity and the output of a magneto-resistive effect mold 
head becomes high. Moreover, a high performance magnetic recorder and reproducing device can be 
obtained by using the above-mentioned magneto-resistive effect mold head. 

[Translation done.] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DRAWINGS 



[Drawing 1] 




[Drawing 3] 




[Drawing 4] 
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(a) 




[Translation done.] 
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